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(54) SOFT MAGNETIC THIN FILM AND MANUFACTURE THEREOF 

(57)Abstract: 

PURPOSE: To stably provide a soft magnetic thin film which is low in coercive force, high in 
saturation magnetic flux density, excellent in resistance to corrosion, and low in characteristics 
dispersion. 

CONSTITUTION: A soft magnetic thin film whose main components are Co, Fe, and Cu is formed 
through a wet plating method, wherein organic acid ion- containing plating bath and/or CE ion- 
substantially free plating bath is used. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the soft magnetism thin film which is the approach of 
manufacturing the soft magnetism thin film which uses Co, Fe, and Cu as a principal component 
using the wet galvanizing method, and is characterized by using the plating bath containing 
organic-acid ion in addition to Co ion, Fe ion, and Cu ion. 

[Claim 2] The manufacture approach of the soft magnetism thin film of claim 1 that said organic- 
acid ion is at least one sort chosen from succinic-acid ion, citric-acid ion, malonic-acid ion, 
maleic-acid ion, gluconic-acid ion, and tartaric-acid ion. 

[Claim 3] The manufacture approach of the soft magnetism thin film of claim 2 using tartaric-acid 
ion as said organic-acid ion. 

[Claim 4] The manufacture approach of claim 1 whose concentration under plating bath of said 
organic-acid ion is 0.01-1.0 mols/l. thru/or one soft magnetism thin film of 3. 
[Claim 5] The manufacture approach of the soft magnetism thin film which is the approach of 
manufacturing the soft magnetism thin film which uses Co, Fe, and Cu as a principal component 
using the wet galvanizing method, and is characterized by using the plating bath which does not 
contain CI ion substantially. 

[Claim 6] The manufacture approach of the soft magnetism thin film of claim 5 using a sulfate as a 
source of supply of Co ion under plating bath, Fe ion, and Cu ion. 

[Claim 7] The manufacture approach of the soft magnetism thin film of claims 5 or 6 using a 
plating bath according to claim 1 to 4 as said plating bath. 

[Claim 8] The manufacture approach of claim 1 which gives annealing in a field after soft 
magnetism thin film formation thru/or one soft magnetism thin film of 7. 

[Claim 9] The soft magnetism thin film with which 2 - 13 % of the weight and the remainder is [ Fe 
content ] Co(es) substantially, and Cu content is characterized by being formed by the 
manufacture approach of claim 1 thru/or either of 8 four to 30% of the weight 
[Claim 10] It is the soft magnetism thin film which uses Co, Fe, and Cu as a principal component, 
and consists of fee phases, and coercive force is 1 Oe. Soft magnetism thin film characterized by 
being the following. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the approach of manufacturing a soft magnetism 

thin film using the wet galvanizing method, and a soft magnetism thin film. 

[0002] 

[Description of the Prior Art] High corrosion resistance is needed for the magnetic thin film of the 
thin film magnetic head or a thin film transformer for the improvement in dependability at the same 
time the soft magnetic characteristics which were [ saturation magnetic flux density / low 
coercive force. / high ] excellent are required. Although it is common to be formed by the liquid 
phase forming-membranes methods, such as the gaseous-phase forming-membranes methods, the 
galvanizing methods, etc., such as a spatter, as for such a magnetic thin film, membrane formation 
of a large area is easy for the galvanizing method, and moreover the homogeneous high film is 
obtained, and there is an advantage that there are few man days and a facility is cheap in it. 
[0003] The rise of recording density in recent years has a large part by the rise of the coercive 
force of a record medium. In order to fully write in the big record medium of coercive force, it is 
necessary to generate a stronger field from a recording head. Moreover, for high density record, 
the high saturation-magnetic-flux-density ingredient which can expect a desired shielding effect 
by the thinner film is needed also for the magnetic material of the shielding layer of MR inductive 
combined head. For this reason, the high saturation-magnetic-flux-density ingredient more than 
the nickel-Fe alloy (permalloy) widely used from the former is called for. 

[0004] A Co-Fe system alloy is mentioned as one of the soft magnetism plating film which fills 
such a magnetic-properties-demand. For example, the CoFe soft magnetism film which carried out 
the eutectoid of the S using a naphthalene tris RUHON acid and propyne oar is indicated by 
Japanese Patent Application No. No. 122515 [ three to ]. Particle detailed-ization is realized by 
this CoFe soft magnetism film, and it is coercive force 1 Oe. The following values are reported. 
[0005] the Kokusai Electric chemistry association's (ISE) PROCEEDINGS OF THE SYMPOSIUM 
ON MAGNETIC MATERIALS, PROCESSES AND DEVICES, and 90-8,361 (1990) **** — 
degradation of magnetic properties according [ Fe ] to the crystal structure of 10 - 14% of the 
weight of a CoFe alloy, magnetic properties, and heat treatment etc. is reported. [ moreover, ] In 
this report, the coercive force (about 3 Oe) of min [ Fe ] in the neighborhood is acquired 1 1 .5% of 
the weight. 

[0006] However, as compared with the nickel-Fe alloy which is widely used from the former and 
which is a hyposaturation flux density ingredient comparatively, corrosion resistance was inferior in 
the CoFe alloy. Moreover, since it was the big presentation system of a crystal magnetic 
anisotropy, detailed-izing of the particle for giving the target uniaxial magnetic anisotropy was 
difficult. 

[0007] when Rh is added, while addition of the 3rd element is effective for corrosion-resistant 
improvement, for example, maintaining a high property — corrosion resistance — it can improve 
(Japanese Patent Application No. No. 4192 [ four to ]) — Rh is very expensive. 
[0008] By the way, it is reported to the Kokusai Electric chemistry association's (ISE) 
PROCEEDINGS OF THE SYMPOSIUM ON MAGNETIC MATERIALS, PROCESSES AND DEVICES, 



91-2, and p579 that effectiveness is [ addition of Cu to the CoFe alloy-plating film ] in a coercive 
force fall. By this report, it is 0.6 Oe. It is obtained when twice as many saturation magnetic flux 
density as coercive force and a permalloy is 10.5 % of the weight of Fe contents. The CoFeCu 
alloy-plating film in this report is the structure in which the fee phase and the bec phase were 
intermingled. Moreover, the low presentation range of coercive force is 1 Oe only in the narrow 
range whose content of Fe the content of Fe mainly rules over and is 10 - 12 % of the weight. 
They are the following coercive force. On the other hand, about Cu, if contained 2% of the weight 
or more, coercive force will become low, and it is Hk. Determining an addition for control etc. is 
indicated. 

[0009] However, the membrane formation stabilized since deposition potentials differed greatly is 
difficult for Co, and Fe and Cu, and since a presentation changes especially with the pH of a 
plating bath a lot, in continuation membrane formation, the magnetic-properties change by 
presentation fluctuation poses a problem. Moreover, although the high property is acquired in the 
above-mentioned report at the time of the mixed phase of bec and fee, when the rate of an 
abundance ratio of these phases changes, it is thought that a property also tends to change. 
[0010] 

[Problem(s) to be Solved by the Invention] This invention is made from such a situation and it 
aims at suppressing dispersion in a property, being stabilized and offering the soft magnetism thin 
film which has low coercive force, high saturation magnetic flux density, and high corrosion 
resistance. 
[0011] 

[Means for Solving the Problem] Such a purpose is attained by this invention of following the (1) - 
(10). 

(1) The manufacture approach of the soft magnetism thin film which is the approach of 
manufacturing the soft magnetism thin film which uses Co, Fe, and Cu as a principal component 
using the wet galvanizing method, and is characterized by using the plating bath containing 
organic-acid ion in addition to Co ion, Fe ion, and Cu ion. 

(2) The manufacture approach of the soft magnetism thin film the above (1) that said organic-acid 
ion is at least one sort chosen from succinic-acid ion, citric-acid ion, malonic-acid ion, maleic-acid 
ion, gluconic-acid ion, and tartaric-acid ion. 

(3) The manufacture approach of the soft magnetism thin film the above (2) using tartaric-acid ion 
as said organic-acid ion. 

(4) The above (1) whose concentration under plating bath of said organic-acid ion is 0.01-1.0 
mols/l. thru/or the manufacture approach of one soft magnetism thin film of (3). 

(5) The manufacture approach of the soft magnetism thin film which is the approach of 
manufacturing the soft magnetism thin film which uses Co, Fe, and Cu as a principal component 
using the wet galvanizing method, and is characterized by using the plating bath which does not 
contain CI ion substantially. 

(6) The manufacture approach of the soft magnetism thin film the above (5) using a sulfate as a 
source of supply of Co ion under plating bath, Fe ion, and Cu ion. 

(7) The manufacture approach of of the above (5) or the soft magnetism thin film of (6) using the 
plating bath of the above (1) thru/or the publication to either of (4) as said plating bath. 

(8) The above (1) which gives annealing in a field after soft magnetism thin film formation thru/or 
the manufacture approach of one soft magnetism thin film of (7X 

(9) The soft magnetism thin film with which 2 - 1 3 % of the weight and the remainder is [ Fe 
content ] Co(es) substantially, and Cu content is characterized by being formed by the above (1) 
thru/or one manufacture approach of (8) four to 30% of the weight. 

(10) It is the soft magnetism thin film which uses Co, Fe, and Cu as a principal component, and 
consists of fee phases, and coercive force is 1 Oe. Soft magnetism thin film characterized by 
being the following. 

[0012] 

[Function and Effect] In this invention, since the plating bath containing organic-acid ion, such as 
tartaric-acid ion, is used, it is good, and the stability, especially pH stability of a plating bath are 
stabilized, and can manufacture the soft magnetism thin film of a high property. 



[0013] Moreover, if continuation membrane formation is performed, pH of a plating bath will tend to 
become high, the coercive force of the film formed will become high at this time, but in this 
invention, by using the plating bath which does not contain CI ion substantially, also when pH of a 
plating bath becomes high, the soft magnetism thin film of low coercive force can be formed. 
Moreover, since a soft magnetism thin film with small internal stress can be formed in this case, it 
is 4 micrometers about thickness. Even when it considers as the above, low coercive force is 
acquired, and the very suitable soft magnetism thin film for the thin film magnetic head or the core 
of a thin film transformer is obtained. 

[0014] Since Cu is contained, the soft magnetism thin film of this invention has good corrosion 
resistance, and there is little change of magnetic properties with time, and it is reliable. 
Specifically, the value of -100mV or more is acquired as rest potential when using silver/silver 
silver chloride electrode for a reference electrode in 0.1 N-HCI solutions. This is the corrosion 
resistance more than a permalloy and an EQC. Moreover, 2 Oe In the following and a pan, it is 1 
Oe. The following low coercive force is acquired easily. Although the rate of each phase will be 
changed by the delicate difference among manufacture conditions and magnetic properties will also 
be changed in connection with this in the mixed phase of a fee phase and a bec phase, it is 1 Oe 
at fee single phase structure in this invention. Since the following low coercive force is acquired, it 
is stabilized and a low coercive force soft magnetism thin film can be manufactured. 
[0015] 

[Elements of the Invention] Hereafter, the concrete configuration of this invention is explained to a 
detail. 

[0016] In this invention, a soft magnetism thin film is formed using the wet galvanizing method. The 
soft magnetism thin film manufactured by this invention uses Co, Fe, and Cu as a principal 
component. 

[001 7] The content of Cu is 5 - 25 % of the weight more preferably four to 30% of the weight. 
Sufficient magnetic properties and corrosion resistance are not acquired with Cu content being 
said under range, but if said range is exceeded, saturation magnetic flux density will fall. 
[001 8] The content of Fe is 8 - 1 2 % of the weight more preferably two to 1 3% of the weight. 
Magnetic properties also become low, while a bec phase will appear and magnetostriction will 
become large at a forward side, if saturation magnetic flux density is low in Fe content being said 
under range and said range is exceeded. 

[0019] In this invention, the plating bath which contains Co ion, Fe ion, and Cu ion as a plating 
bath is used. Since it is desirable to use the plating bath which does not contain CI ion 
substantially in this invention, as for the source of supply of each ion of Co, Fe, and Cu, it is 
desirable to choose from the water-soluble salt which does not contain chlorides, such as a 
sulfate, sulfamate, acetate, and a nitrate, and it is desirable to use a sulfate especially from a 
cheap thing. Moreover, Co ion and Fe ion can also be supplied by being immersed during a plating 
bath, and carrying out the natural dissolution of the metal, or dissolving an anode plate by 
electrolysis. 

[0020] In addition, although it is most desirable that CI ion does not contain at all during a plating 
bath, if not contained substantially, if CI ion concentration is 0.01 mols/l. or less preferably, 
sufficient effectiveness will be acquired, for example. 

[0021] 0.05-5 mols /of concentration of Co ion under plating bath are [ I. ] 0.1-1 mol/l. more 
preferably. If the fall of a deposit rate becomes it remarkable that Co ion concentration is said 
under range and said range is exceeded, the viscosity of a plating bath will rise, and workability will 
fall, and membrane formation into a detailed resist pattern will become difficult. 
[0022] Although Fe ion concentration under plating bath should just determine suitably that a 
desired film presentation is acquired since the ratio of Co ion concentration and Fe ion 
concentration is the big factor which determines a film presentation, it is [ I. ] 0.01-1 mol/l. more 
preferably 0.001-5 mols /. 

[0023] Although what is necessary is just to also determine the concentration of Cu ion under 
plating bath suitably according to the presentation made into the purpose, 0.005-50g /is [ I. ] 0.01- 
25g/l. more preferably. 

[0024] In addition to these ion, during a plating bath, organic-acid ion is contained as a stabilizing 



agent. As organic-acid ion, at least one sort chosen from succinic-acid ion, citric-acid ion, 
malonic-acid ion, maleic-acid ion, gluconic-acid ion, and tartaric-acid ion is desirable, and 
especially tartaric-acid ion is effective. What is necessary is to choose from a tartaric acid, a 
potassium sodium tartrate (Rochell salt), the sodium tartrate, etc. suitably, and just to use as a 
source of supply of tartaric-acid ion. As for the concentration of the organic-acid ion under plating 
bath, it is desirable to carry out in 0.01-1.0 mols/l. If the effectiveness according that the 
concentration of organic-acid ion is said under range to addition is inadequate and said range is 
exceeded, the viscous rise of a plating bath and the fall of a deposit rate will arise, and also the 
cost of plating bath preparation will become high. In addition, as for the mol concentration of 
organic-acid ion, it is desirable that it is 0.1 to 2 twice the mol concentration of the metal ion 
under plating bath. 

[0025] pH of a plating bath — desirable — 2.0-5.0 — it is 2.5-4.0 more preferably. Hydrogen 
generating becomes dominant for pH to be said under range, and a membrane formation rate 
becomes slow, and if said range is exceeded, it will be easy to produce especially precipitate of 
trivalent iron. 

[0026] In addition, although the various additives usually used may be added during a plating bath, 
since it is desirable not to make CI ion contain in this invention as mentioned above, not using is 
desirable [ chlorides, such as a sodium chloride currently generally used as a conductive 
improver, ]. 

[0027] A film presentation changes with current density by the wet galvanizing method using the 
plating bath mentioned above. That is, at the time under of the deposition potential of Co and Fe, 
the pure Cu film is formed by the low current consistency, and if it becomes high current density 
and becomes more than the deposition potential of Co and Fe, a Co-Fe-Cu alloy deposits. And 
along with the rise of current density, the deposit rate of Co and Fe becomes quick, and Cu 
content in the film falls relatively. In order to keep the relative deposit ratio of Cu constant, the 
ion under bath which decreases as film formation progresses is filled up. It will become easy [ a 
supplement ] if ion consumption is stable. Moreover, the relative deposit ratio of Cu can be kept 
constant also by managing the current density at the time of membrane formation, i.e., potential. In 
this case, although a membrane formation rate changes, it becomes possible to save the time and 
effort of control of bath. 

[0028] Although it is desirable that it is divalent ion as for Fe ion under plating bath, divalent ion 
oxidizes, turns into trivalent ion, and tends to produce precipitate. Generally the method of using 
the side reaction at the time of being immersed in a plating bath and carrying out the natural 
dissolution of addition of an ascorbic acid, hypophosphorous acid, or a reducing agent like the salt 
and the metal of Co and Fe as an approach of returning trivalent Fe ion, is learned. However, if 
trivalent Fe ion is little, there may be effectiveness in leveling nature etc. satisfactory. In addition, 
it is also desirable to add chelating agents, such as EDTA and a gluconic acid, for precipitate 
prevention. The above-mentioned organic-acid ion also has such precipitate prevention 
effectiveness. 

[0029] An organic brightener may be made to contain during a plating bath. As an organic 
brightener, saccharin is desirable. It is desirable 0.5g [ I. ] /or more, then to carry out an addition in 
1-6g/l. in consideration of consumption in use etc., although it is enough. 

[0030] As for surfactants, such as sodium lauryl sulfate besides these, etc., during a plating bath, it 
is desirable that the component added by the usual electroplating bath contains suitably. 
[0031] In order to obtain the soft magnetism thin film of outstanding magnetic properties, it is 
desirable to remove the particle and hydroxide under plating bath by continuation filtering. In this 
case, when capacity of a plating bath is set to V, a filtration flow rate has the desirable above in 
between by Vx0.11/. A filter mesh is 0.2 micrometers when forming membranes into a detailed 
resist pattern especially, although what is necessary is just to choose suitably according to an 
application. Considering as the following is desirable. 

[0032] From a viewpoint of particle removal, TiPt of insolubility and the ferrite electrode of an 
anode plate are desirable. However, since oxidation reaction occurs in an anode plate, it is 
desirable to dissociate with the cathode section, for example by ion exchange membrane. 
[0033] The current density at the time of membrane formation is 0.01 - 5 A/dm2. What is 



necessary is just to choose according to the purpose in the range. The alternating current 
concomitant use mold performed to pulse electrolysis or the cathode dissolution besides a direct 
current is also possible. It is also possible to make the amount of eutectoids of Cu produce a big 
difference, and to consider as multilayers structure by impressing three or more kinds of two or 
more electrical potential differences which contain electrical-potential-difference zero especially 
in pulse electrolysis. In this case, since the substitution reaction of Cu occurs in the case of a 
zero current and nonmagnetic Cu film is formed, a thin film with a good RF property is obtained. 
[0034] Moreover, the content of Cu can also make it easy to consider as the inclination structure 
of changing in the membranous thickness direction by changing current density continuously. 
Membranous saturation magnetic flux density changes with Cu contents. In case it applies to the 
thin film magnetic head, it is also possible to prepare the solitary-wave form at the time of 
playback by making a gap side into high saturation magnetic flux density, and making the opposite 
side into hyposaturation flux density. 

[0035] Moreover, multilayering is possible also by not changing the electrical potential difference 
impressed from the outside, placing the shield which has a slit and a hole near the cathode, and 
moving this. In this case, it becomes the presentation from which the field which current density 
concentrated locally by the slit etc., and other low current consistency fields differ, and multilayers 
are obtained. 

[0036] Although the film of multilayer structure is used for a case to raise a RF property as it is, it 
is also possible to use it as homogeneity presentation film using the diffusion by heat treatment 
etc. 

[0037] As a solvent of a plating bath, a nonaqueous solvent, for example, methyl alcohol, 
dimethylformamide, ethyl alcohol, propylene carbide, fused salt, etc. are [ other than usual water ] 
usable. 

[0038] Moreover, the soft magnetism thin film of this invention is containing one or more sorts of 
elements chosen from Cr, Sn, Ru, Au, Pd, Ag, Mn, P, B, In, Mo, Pb, Re, W, Zn, Rh, Zr, Pt, etc. 3 or 
less % of the weight, and improvement in a RF property etc. is expected. Moreover, these elements 
are used as an impurity, and since carrying out minute amount content is not admitted, either, 
especially trouble is possible [ thing ] also for the cost reduction by use of a cheap reagent. 
However, when a content exceeds 3 % of the weight since it has a bad influence on magnetic 
properties or the fall of saturation magnetic flux density is invited to them in many cases, cautions 
are required. 

[0039] Since C and S by which minute amount content is carried out have big effect to magnetic 
properties, cautions are needed for the film. It is specifically [ both ] 500 ppm. It is desirable that it 
is the following. 

[0040] To the soft magnetism thin film of this invention, it is desirable to give uniaxial anisotropy in 
the target direction. As the approach of uniaxial anisotropy grant, annealing in a field after 
membrane formation among a field or membrane formation can be used. The approach of forming 
membranes in a fixed direct-current field as membrane formation among a field is common. 
However, the soft magnetism thin film of this invention requires rationalization of Hk in many 
cases, in order for an anisotropy field Hk to become large too much in many cases and to obtain 
high permeability. The approach of making the direction of a field at the time of membrane 
formation among a rectangular field, membrane formation among annealing in rotating magnetic 
field or a direct-current field, and annealing in a direct-current field intersect perpendicularly in a 
field as the rationalization approach of Hk etc. is effective. Membrane formation among a 
rectangular field is possible by generating a magnetic field with a coil and impressing a current by 
turns. Moreover, in using a permanent magnet, it becomes possible by rotating 90 degrees of 
cathode. Since a saturation magnetostriction value increases to a positive direction in many cases 
in the case of annealing, it is desirable to form membranes so that the saturation magnetostriction 
value after annealing may turn into a desired value. In order to reduce the Barkhausen noise of the 
thin film magnetic head, it is supposed that it is necessary to maintain the saturation 
magnetostriction value of a soft magnetism thin film at a negative small value. For this purpose, at 
the time of membrane formation, it considers as negative, a little big magnetostriction, and it 
designs so that it may become a negative small value after annealing. 



[0041] That what is necessary is just to determine suitably the thickness of the soft magnetism 
thin film of this invention according to the purpose, especially a limit is usually 0.5-1 0 micrometers, 
in order to acquire low coercive force, although there is nothing. When considering as extent is 
desirable and it applies to the thin film magnetic head, it is 0.5-4.5 micrometers. When applying to 
extent and a thin film transformer, it is 3-7 micrometers. Considering as extent is desirable. 
[0042] 

[Example] Hereafter, the concrete example of this invention is shown and this invention is further 
explained to a detail. 

[0043] On the Corning 7059 glass of the 1> 10mm x10mmx0.7mm thickness of < examples, it is 
500A about a permalloy to 50A and a pan in titanium by the spatter. The substrate which formed 
membranes was used. After being immersed in 1 N-hydrochloric acid (ordinary temperature) for 30 
seconds as plating pretreatment and rinsing, the soft magnetism thin film sample was formed on 
the following plating conditions. In addition, the substrate which performed the processing same to 
the glass plate of 0.1mm thickness as the above-mentioned substrate separately was used for the 
sample for saturation magnetostriction value measurement. 

[0044] The auxiliary cathode was formed in the perimeter of the substrate under plating bath with 
the copper plate. The configuration of the whole cathode is 3 inches discoid, and used the TiPt 
plate of the diameter of 4 inch for the anode plate. The cross section performed paddle stirring for 
stirring from cathode with the period of a between by /60 times in the 2mm location using the 
triangular paddle. Plating liquid was considered as the following presentation and the total amount 
was made into about 71. 

[0045] 0.2 mol iron(II) sulfate of plating bath presentation (inside of 11.) cobalt sulfate 

It is 0.1 mols [0046] of acid 25g saccharin sodium 1g potassium sodium tartrates 15g way of 3g 

ammonium sulfates from the zero to 0.02-mol copper sulfate 0. pH of 40 degrees C and a plating 

bath sets 1.5 A/dm2 and plating time amount to 3.7, current density is set as for 5 minutes, 

electroplating is performed, impressing the direct-current field of 600Oe, and plating bath 

temperature is 1.2 micrometers in thickness. The soft magnetism thin film sample was obtained. 

[0047] Annealing in a vacuum of 1 hour was performed at 300 degrees C after membrane 

formation, impressing the direct-current field of 2kOe(s) in the direction of a hard axis at the time 

of membrane formation for the purpose of induced-magnetic-anisotropy control. 

[0048] The following measurement was performed about each obtained sample. 

[0049] (Presentation) It measured using X-ray fluorescence equipment and ICP. 

[0050] (Coercive force He) It measured in 60Hz with the alternating current B-H marker. 

[0051] (Saturation magnetic flux density Bs) It measured by VSM. 

[0052] (Natural electrode potential) Silver/silver silver chloride electrode was used for the 
reference electrode, and it measured in 0.1 N-HCI solution of ordinary temperature. 
[0053] (Saturation magnetostriction value) It measured in the field of 3Hz and lOOOe by the 
optical-lever method. 

[0054] (Permeability) They are 5MHz and 3mOe by the character coil magnetization method of 8. 
It measured. 

[0055] (X diffraction) Cu-k alpha rays (30kV, 40mA) estimated. A crystal lattice is lattice spacing 

2.05A. A fee (1 1 1) side and 1.98A The bec (1 10) side was identified. 

[0056] (C, S analysis) Quantitative analysis was carried out using CS meter. 

[0057] The relation which it is [ relation / Cu content and / coercive force ] with Cu content and 

rest potential about the relation between Fe content and a saturation magnetostriction value in 

drawing 2 in the relation between Fe content and coercive force at drawing 1 is shown in drawing 

3 at drawing^ . 

[0058] As shown in drawin g 1 , especially low coercive force is acquired in the range of 5 - 25 % of 
the weight of Cu contents. In addition, even if Cu content is the range which is 5 - 25 % of the 
weight the high sample of coercive force exists, but since these have too many Fe contents, they 
are samples with a large saturation magnetostriction value. 

[0059] Moreover, as shown in drawing 2 and drawing 3 , especially low coercive force is acquired in 
the range whose Fe content is 2 - 1 3 % of the weight, and the saturation magnetostriction value 
has become below zero in this range. In addition, although the high sample of coercive force exists 



even if it is the range whose Fe content is 2 - 13 % of the weight in drawing 2 , these are samples 
which separate from the range where Cu content is desirable. 

[0060] Moreover, as shown in drawing 4 , by containing Cu shows that rest potential approaches 
zero and corrosion resistance is improved remarkably. 

[0061] in addition. C content of the Co-10-% of the weight Fe-10-% of the weight Cu film — 410 
ppm and S content — 330 ppm it is — the value with other almost equivalent samples was shown. 

[0062] The result of an X diffraction was divided roughly into two by the positive/negative of a 
saturation magnetostriction value. That is, to the peak of a bcc (110) side hardly being detected, 
as a saturation magnetostriction value is shown to the upper case of drawin g 5 by the sample 
below zero, as a saturation magnetostriction value was shown to the lower berth of d rawing 5 by 
the forward sample, the bcc (110) side was observed clearly. That is, it became clear that the film 
negative in a saturation magnetostriction value desirable as the thin film magnetic head was the 
single phase of a parenchyma top and fee (111). 

[0063] Moreover, annealing in a magnetic field of 300-degree-C 1 hour is given in a vacuum to the 
sample of Co-10 % of the weight Fe-10 % of the weight Cu, induced magnetic anisotropy is 
controlled, and it is Hk=8 Oe. Permeability 2000 (5MHz) was obtained with the sample carried out. 
In addition, the annealing order of this sample was the single phase of fee (111). Moreover, 
although the saturation magnetostriction value was -3.2x10-6 before annealing, after annealing 
was set to -0.9x10-6, and was the desirable range. 

[0064] The soft magnetism thin film sample was produced using the <example 2> following plating 
bath. 

[0065] It is 0.2 mols [0066] of acid 30g saccharin sodium 1g potassium tartrates 15g way of 2g 
ammonium sulfamate of 0.008-mol sulfamic acid copper of plating bath presentation (inside of 11.) 
sulfamic acid cobalt 0.1 mol sulfamic acid iron. pH of a plating bath was set as 3.0 in early stages, 
and formed membranes to the substrate continuously after that. 

[0067] Plating bath temperature sets 1 A/dm2 and plating time amount as 45 degrees C, current 
density is set as for 10 minutes, and it is 200 Oe. A direct-current field is impressed and it is 1.6 
micrometers in thickness. The soft magnetism thin film sample was formed. The plating bath under 
membrane formation was transparent. 

[0068] A potassium tartrate was not added to the <example 1 of comparison> plating bath, and 
also it is the same conditions as an example 2, and the sample was produced. When the plating 
bath became muddy from the membrane formation middle and plating liquid was discharged from 
the plating bath tub after membrane formation termination, the matter of colloid had adhered to 
the wall surface of an organ bath, and the bottom. 

[0069] The coercive force of each sample of an example 2 and the example 1 of a comparison was 
measured. A result is shown in drawing 6 . a long time is covered when the plating bath containing 
tartaric-acid ion is used, as shown in drawing 6 — many — in the plating bath by which 
continuation membrane formation of several sheets does not contain tartaric-acid ion to the 
magnetic properties of a soft magnetism thin film not changing, either, the thing whose numbers of 
membrane formation increase and which it is alike, and it follows and the magnetic properties of a 
soft magnetism thin film deteriorate rapidly became clear. 

[0070] It sets to the plating bath of the <example 3> example 1 , and is 2.5g about 0.02 mols and 
copper sulfide in an iron sulfate. Fixing, on the other hand, pH of a plating bath was fluctuated in 2 
to 4.6, and performed one membrane formation each time. 

[0071] Plating bath temperature sets 1.5 A/dm2 and plating time amount as 45 degrees C, current 
density is set as for 20 minutes, and it is 600 Oe. The direct-current field was impressed. The 
thickness of the obtained sample is so thin that pH is low, and it became clear that deposit 
effectiveness was falling. By 3.5 or more pH, the thickness of regularity (about 5 micrometers) was 
obtained mostly. 

[0072] The ammonium chloride of tales doses was used instead of the <example 2 of comparison> 
ammonium sulfate, and also the plating bath was prepared like the example 3, and membranes were 
formed by changing pH like an example 3. 

[0073] an example 3 and the example 2 of a comparison — coercive force was measured about 



the sample which could come out, respectively. The relation between pH of a plating bath and the 
coercive force of a soft magnetism thin film is shown in drawing 7 . As shown in drawing 7 , it is 
clear that pH range where low coercive force is acquired is narrow in the example 2 of a 
comparison using the plating bath in which CI ion exists. 2 micrometers of moreover, thickness 
obtained from the plating bath in which CI ion exists The above sample had bad adhesion with a 
substrate, and exfoliation was seen partially. Since internal stress is high, this is considered. Such 
development was not accepted when the plating bath which does not contain CI ion was used. 
[0074] The effectiveness of this invention is clear from the above result. 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the graph which shows the relation between Cu content of a soft magnetism thin 
film, and coercive force. 

[Drawin g 2] It is the graph which shows the relation between Fe content of a soft magnetism thin 
film, and coercive force. 

[Drawing 3 ] It is the graph which shows the relation between Fe content of a soft magnetism thin 
film, and a saturation magnetostriction value. 

[Drawing 4] It is the graph which shows the relation between Cu content of a soft magnetism thin 
film, and rest potential. 

[Drawing 5] It is the X diffraction chart of a soft magnetism thin film. 

[Drawing 6] It is the graph which shows the coercive force change by the increment in the number 
of membrane formation of a soft magnetism thin film. 

[Drawing 7] It is the graph which shows the relation between pH of a plating bath, and the coercive 
force of a soft magnetism thin film. 
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DRAWINGS 



[Drawing 1 ] 
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